GENETIC EFFECTS OF RADIATION                                                                       73

mother's and the father's doses. In this situation the linear part of the
response curve can be written as (assuming a mutation component of 1)

m = mi + ra2 + a(Di + D2).                           (2-5)

An estimate of the doubling dose of (mi + mi)la is then the summed
parental dose that would double the mutation rate. Neel and Schull and
collaborators have called this the zygotic doubling dose. To convert this to
an average, or gametic doubling dose for the sexes, the zygotic doubling
dose is divided by 2.

The Direct Method

The direct method of risk calculation was pioneered by Ehling
(Eh76a,b) and Selby and Selby (Se77) to estimate first-generation effects
for dominant mutations rather than relying on the assumption of the pro-
portionate effects implicit in the doubling dose method.

In the direct method, the induction rate for a specific class of defects
in mice (e.g., cataracts and skeletal anomalies) is measured directly by
using high-dose-rate radiation, and the results are corrected for dose rate.
Then, the proportion of serious dominant genetic disorders in humans that
involves similar defects is estimated, and this is used as a proportionality
factor to estimate the effect of radiation on all dominant mutations in
humans. For example, if the spermatogonial chronic induction rate for
skeletal defects in the mouse was 4 x 10~6/rad/gamete, and in humans
about one in five serious dominant disorders involved the skeleton, then
the first-generation effect of spermatogonial chronic radiation would be
estimated by this method as 20 induced cases/106 liveborn/rad.

The committee had little confidence in the reliability of the individual
assumptions required by the direct method let alone the product of a long
chain of uncertain estimates that follow from these assumptions. Therefore,
they did not place heavy reliance on the direct method in making their risk
estimates, but used it only as a test of consistency.

The Gene Number Method

In the gene number method, one attempts to estimate the total number
of mutations produced by exposure to radiation by using the equation:

No. of induced mutations = No. of genes

x (induction rate/gene/unit dose) x dose.                                  (2-6)

This approach dates back to the BEAR Committee (NRC56) and
Muller's elegant concept of "genetic death." BEAR states: